The diffuse x-ray scattering from an Fe -31 at. pct. Pd single crystal quenched from 1173 K was analyzed to obtain information about the local atomic environment around each atom including the local chemical order and the average atomic displacements from the normal lattice positions. To better reveal the meaning of these average quantities, computer simulations were employed to provide the structure using these values. The results indicate an interconnected distribution of ordered and clustered regions, no more than a few atoms in dimension, and only slightly more developed than for a random arrangement. The pattenl of atomic displacements from the average lattice is revealed to be small embryos of a displacement array similar to the FCT martensitic phase and aligned in 1 1 10> directions, which may be the premartensitic phase that has been predicted by several authors.
INTRODUCTION
Displacive transformations play a key role in determining the properties of certain materials, most noticeably steels. In this study we focus on this transformation in the Fe-Pd system, which occurs upon quenching to avoid the miscibility gap. The face-centered cubic structure transforms into a facecentered tetragonal @CT)one [I] . This transformation is weakly first order, and therefore a metastable product might occur just above the Ms. In fact, premonitory effects have been reported in this vicinity, one of which is the so-called tweed microstructure observed in the transmission electron microscope 121. Detailed investigations with the electron microscope have been performed by Oshima et. al. E2-4) and Muto et. al. [S-91. Also accompanying the tweed are streaks of diffuse scattering. Both effects are also seen in precipitation reactions [lo] , and in both cases are attributed to a localized build up of strain, either due to a coherent phase, a transformation product, or a static strain wave. Oshima et. al. observed that tweed occurred in the Fe-Pd system in alloys of less than 32 atomic pct. Pd, where the martensite phase forms, and in equiatomic Fe-Pd, for which there is an order-disorder transformation (with an appreciable volume change), from FCC to FCT. These authors came to the conclusion that this tweed was caused by small domains of the tetragonal phase which produced static displacements on (1 10) planes in <110> directions in the parent phase. Muto et. al. 191 performed computer simulations to try to produce tweed images and found that a model based on small (tetragonal) domains reproduced the tweed microstructure.
Employing ultrasonic techniques and inelastic neutron scattering Muto et. al. [5] found softening of the elastic constant C' with little change in C44 as Ms was approached. Thus, as the temperature is decreased, the lattice is increasingly easy to shear along <110> directions. In addition, Matsui and Adachi [ l l ] found that the direction of magnetostriction changed from < I l l > to .;loo> at the Ms. Oshimal21 thought this suggested that the distortion was driven by magnetic forces.
Seto et. al. [12, 13] observed an apparent intermediate phase via x-ray diffraction just slightly below Ms, and suggested that it was another FCT phase, coherent with the final phase. Khatchaturyan et. al. [14] later described this as "adaptive martensite", a finely twinned region with the twin variants periodically arrayed to create a pseudo-orthorhombic structure. In applying this concept to the Ni-Al and Fe-Pd systems, they found good agreement with the predicted lattice parameters.
Hong and Olson [IS] showed theoretically that Ms was dependent on the local density of electronic states in the Fe-Pd system, and, as a result, followed the Pd concentration. The softening of C' was found to be due to magnetoelastic coupling. Their model led to a calculated diffusionless phase diagram in good agreement with the actual one. In addition, Kartha [16] considered the role of compositional inhomogeneities. The transformation temperature is sharply dependent on composition, so that regions with different chemical compositions might be expected to transform at different temperatures, and he pursued this point, showing that such regions might be responsible for the lattice softening and the tweed microstructure. It might reasonably be asked if there really are composition fluctuations tied to the lattice distortions, and this is one of the subjects of this investigation.
EXPERIMENTAL DETAILS
A coarse grained Fe-Pd ingot of approximately 30 at. pct. Pd was grown by the Ames Laboratory. A large grain was cut form one part of the ingot and the composition determined to be 31(0.1) at. pct. Pd by EDAX in an SEM. (Another piece of the ingot that had been analyzed chemically was used as a standard.) After homogenization at 1423 K for five days in a sealed quartz tube evacuated to 10-6 Torr, a final solution treatment at 1173 K for six hours was employed, and the ampule was then quenched in oil. Oxidation and cold-worked material near the surface were removed by electropolishing.
Chemical order and the first and second order moments of the atomic displacements from the average lattice sites each lead t o intensity contributions that differ in symmetry in reciprocal space. By making these measurements in a volume in reciprocal space at many symmetry-related points, these intensity components can be separated, following the well known Georgopoulos-Cohen procedure [17] , and then Fourier inverted to yield: 1)the Warren short-range order parameters, . -where 4i:-Pd is the conditional probability of finding an Pd atom at the end of the interatomic vector Cmn if there is an Fe at the beginning of this vector, and Cpd is the atomic fraction, 2)the moments <x, E; ePd>, <TE-Pd>, <2EnnPd> which are the orthogonal components of displacements from the mean lattice, averaged over all Crnn vectors and similarly for Fe-Fe and Pd-Pd pairs, and as well the second moments, <(XF~-'~)'>, <(XrKIf)> etc. Because these last moments include first order thermal vibrations as well as static displacements, we report only the mean terms, as they involve only the static displacements; the thermal contributions average to zero.
The experimental arrangement included a sealed Co x-ray tube, and a singly bent graphite monochromator bent to focus vertically at the receiving slits to minimize the sampling volume. The crystal was mounted inside an evacuated Be hemispherical chamber to minimize air scattering and this was mounted on a quarter-circle goniometer on a G.E. difiactometer.
RESULTS AND DISCUSSION

Local chemical order
The first point to note in table I is the closeness of the boo term to unity, its defined value. The probability in Eq. 1 must be zero at Cmn all equal to zero, because no two atoms can occupy the same space at the same time. This value is a good test of the analysis procedures employed for putting the data on an absolute scale and the various corrections.
The first and second neighbor SRO parameters in table I imply local ordering, that is, the first nearest neighbors tend to be of different species while the second nearest neighbors tend to be of like species. Furthermore, aRer about the fourth nearest neighbor shell the magnitude of the alphas is essentially zero, suggesting that the atomic arrangement is effectively random beyond this distance. In order to understand the nature of this ordering more clearly, we employed computer simulation, first developed by Gehlen and Cohen [IS] , to create a structure in 32~32x32 FCC unit cells (13 1072 atoms) which match the measured short-range order parameters, as shown in Table I .
Ordered and clustered atoms in the simulated lattice were then defined taking into account that atoms near the edges of any clusters or small ordered regions could not be in a perfect ordered or clustered environment. Fe atoms were marked as ordered if there were four Pd atoms in the first shell and zero or one in the second, whereas for Pd these numbers were two or fewer Pd in the first shell and three or more Pd in the second shell. The appearances of both the actual alloy and a random configuration were quite similar, small ordered irregular volumes, often attached to small antiphase regions or clusters of Fe (see Fig. la) . However, 18 pct. of the Pd atoms were ordered in the actual alloy and 10 pct. of the Fe, compared to 8 pct. of each in the random configuration. The growth of the number of these regions (not their size) may have occurred on crossing the miscibility gap, as only a fraction of a second is needed for difision over one or two unit cells as calculated from available data on diffusion in Fe and Pd [ 191.
To gain a better understanding for the local composition fluctuations, a 5x5 unit cell column perpendicular to the (100) planes was chosen at random in the simulations, and the composition on each plane (50 atoms) was calculated through the column, as well as the fraction of ordered Fe and Pd atoms. Within such a small column the composition can vary from 20 to 60 pct. Pd in the actual alloy (less in the random case), and since a change in composition of only 3 pct. changes the Ms by 200 degrees, this fluctuation can be quite significant.
Atomic displacements
The average atomic displacements are given in Table I for various interatomic vectors and for the three kinds of pairs. An EXAFS study is available for Fe-30 at. pct. Pt for comparison [20] , but this technique can only reliably sample the first neighbor shell. As can be seen in this table, the displacements are significant only for this shell in Fe-Pd. Furthermore, the magnitude of the displacements is about 2 pct for Pd-Pd and Fe-Pd pairs, similar to that for Fe-Pt and Pt-Pt pairs in the Fe-Pt study. Note that the Fe-Fe nearest neighbor distance is displaced transverse to the <110> direction, and is nearly unchanged in length, the Pd-Pd distance is shortened along this vector, and the Fe-Pd distance is lengthened along the <loo> direction. (Such details are not available from EXAFS, which gives only the change in magnitude of the spacing.)
The displacements were also simulated, employing a new program developed by Kyobu, Murata and Morinaga 1211. The program first carries out a simulation of the local order and then simulates the displacements to yield the averages in Table I ; the first twelve SRO and displacement terms were employed. (The simulation of local order was compared to the one described above and found to yield similar results.) To make the displacements easier to study those above one pct. were magnified by a factor of ten in the images produced (see Fig lb) .
Most of the displacements are in 1 1 00> directions, despite the fact that the only observed value of significance is the average value in <110> directions. A change from the FCC to the FCT phase in this system can in fact be accomplished by an expansion along two <loo> directions and a contraction along the third <loo> direction. We might be sampling the embryonic stage of this transformation.
The simulations were searched to discern whether or not the distorted regions were forming in Pd or Fe rich regions. We defined a displaced atom as one with a displacement magnitude of 2.5 pct. of the lattice parameter or greater. The results showed the displacements had a tendency to be associated with Fe atoms rather than with the Pd. In addition, a higher percentage of the clustered Fe atoms were displaced over the ordered Fe or Pd atoms. Thus, the displacements do tend to occur in Pd deficient regions. 
